Rare B decays with leptons at Belle by Hara, K.
ar
X
iv
:0
81
0.
33
01
v1
  [
he
p-
ex
]  
18
 O
ct 
20
08
34th International Conference on High Energy Physics, Philadelphia, 2008
Rare B decays with leptons at Belle
K. Hara for the Belle Collaboration
Nagoya University, Furou-cho Chikusa-ku Nagoya, Aichi, 464-8602, Japan
We present a new measurement of the purely leptonic decay B− → τ−ντ with a semileptonic B tagging method,
using a data sample containing 657× 106 BB pairs collected with the Belle detector at the KEKB asymmetric e+e−
collider. A sample of BB pairs are tagged by reconstructing one B meson decaying semileptonically. We detect the
B− → τ−ντ candidate in the recoil. We obtain a signal with a significance of 3.8 standard deviations including
systematics, and measure the branching fraction to be B(B− → τ−ντ ) = (1.65
+0.38
−0.37(stat)
+0.35
−0.37(syst)) × 10
−4. This
result confirms the evidence for B− → τ−ντ obtained in the previous Belle measurement with a hadronic B tagging
method. The B meson decay constant fB and constraint on charged Higgs are obtained using the measured branching
fraction.
1. Introduction
The purely leptonic decay B− → τ−ν [1] is of particular interest since it provides a direct measurement of the
product of the Cabibbo-Kobayashi-Maskawa(CKM) matrix element Vub [2] and the B meson decay constant fB. In
the Standard Model(SM), the branching fraction of the decay B− → τ−ν is given by
B(B− → τ−ν)SM = G
2
F
mBm
2
τ
8π
(
1− m
2
τ
m2
B
)2
f2B|Vub|2τB, (1)
where GF is the Fermi coupling constant, mτ and mB are the τ lepton and B meson masses, and τB is the B
−
lifetime. Physics beyond the SM, such as supersymmetry or two-Higgs doublet models, could suppress or enhance
B(B− → τ−ν) to levels several times as large as the SM expectation through the introduction of a charged Higgs
boson [3, 4]. The charged Higgs effect is described as
B(B− → τ−ν) = B(B− → τ−ν)SM × rH ,
rH = (1− M
2
B
m2
H±
tan2 β)2, (2)
wherem±
H
is the charged Higgs mass and tanβ is the ratio of the two Higgs vacuum expectation values. The expected
SM branching fraction from other experimental constraints is (0.78+0.09
−0.13) × 10−4 [5]. No statistically significant
enhancement relative to the SM expectation has been observed in previous experimental studies. The previous
Belle measurement[6] reported the first evidence of B− → τ−ν decay with a significance of 3.5 standard deviations
(σ), and measured the branching fraction to be B(B− → τ−ντ ) = (1.79+0.56−0.49(stat)+0.46−0.51(syst)) × 10−4, using a full
reconstruction tagging method. The BaBar Collaboration has reported a search for B− → τ−ν decay with hadronic
tagging [7] and semileptonic tagging [8] using 383 × 106 BB pairs. They report a 2.6 σ excess, combining the two
measurements. To establish the B− → τ−ν signal, test consistency with the SM and search for a charged Higgs
boson effect, we need more statistics.
In this report, we present a new measurement of B− → τ−ντ from the Belle experiment with a semileptonic
tagging method, based on a 605 fb−1 data sample containing 657× 106 BB pairs collected with the Belle detector [9]
at the KEKB asymmetric energy e+e− (3.5 on 8 GeV) collider [10] operating at the Υ(4S) resonance (
√
s = 10.58
GeV).
2. Measurement of B− → τ−ντ with a semileptonic B tagging method
The strategy adopted for this analysis is same as in the previous measurements. We reconstruct one of the B mesons
decaying semileptonically (referred to hereafter as Btag) and compare the properties of the remaining particle(s) in
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the event (Bsig) to those expected for signal and background. We reconstruct the Btag in B
− → D∗0ℓ−ν and
B− → D0ℓ−ν decays. For D∗0 reconstruction, we use D∗0 → D0π0 and D0γ decays. D0 mesons are reconstructed in
K−π+, K−π+π0 and K−π+π−π+. For Bsig, we use τ
− decays to τ− → ℓ−νℓντ , where ℓ = µ or e, and τ− → π−ντ .
We require that no charged particle or π0 remain in the event after removing the particles from the Btag and Bsig
candidates. The selection criteria for Btag and Bsig are optimized for each of the τ decay modes, because the
background levels and the background components are mode-dependent. The details of the selection criteria are
described elsewhere [11].
The most powerful variable for separating signal and background is the remaining energy in the electromagnetic
calorimeter (ECL), denoted EECL, which is the sum of the energies of ECL clusters that are not associated with
particles from the Btag and Bsig candidates. The number of signal events is extracted from an extended maximum
likelihood fit to the EECL distribution. We combine τ decay modes by constraining the ratios of the signal yields to
the ratio of reconstruction efficiencies obtained from MC. Figure 1 shows the EECL distribution with the fit results.
We see a clear excess of signal events in the region near EECL ∼ 0. Table I summarizes the signal yields and
the branching fractions obtained from separate fits for each τ decay mode and fits with all three modes combined.
Systematic errors for the measured branching fraction are associated with the uncertainties in the signal yield,
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Figure 1: EECL distribution of semileptonic tagged events with the fit result for (a) all τ decay modes combined, (b) τ
−
→
e−νeντ , (c) τ
−
→ µ−νµντ and (d) τ
−
→ pi−ντ . The points with error bars are data. The hatched histogram and solid open
histogram are the background and the signal, respectively.
efficiencies and number of B+B− pairs. The systematic errors for the signal yield arise from the uncertainties in
the PDF shapes for the signal (+3.1
−3.2%) and for the background (
+11.8
−11.2%) which are dominated by MC statistics. For
the latter, uncertainties in the branching fractions of B decay modes that peak at EECL = 0 such as B
− → D0ℓ+ν
with D0 → K0
L
π0,K0
L
K0
L
and so on (+4.2
−8.4)%, as well as uncertainties in the background from rare B decays and τ
pair events (3.8%) are also taken into account. We take a 11.6% error as the systematic error associated with the
tag reconstruction efficiency from the difference of yields between data and MC for the control sample. This value
2
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Decay Mode Signal Yield ε B
τ− → e−νν¯τ 78
+23
−22 5.9× 10
−4 (2.02+0.59
−0.56)× 10
−4
τ− → µ−νν¯τ 15
+18
−17 3.7× 10
−4 (0.62+0.76
−0.71)× 10
−4
τ− → pi−ντ 58
+21
−20 4.7× 10
−4 (1.88+0.70
−0.66)× 10
−4
Combined 154+36
−35 14.3× 10
−4 (1.65+0.38
−0.37)× 10
−4
Table I: Results of the fit for signal yields and branching fractions. Errors are statistical only.
includes the error in the branching fraction B(B− → D∗0ℓ−ν¯), which we estimate from B(B0 → D∗−ℓ+ν) in Ref. [12]
and isospin symmetry. The systematic error in the signal efficiencies arises from the uncertainty in tracking efficiency
(1.0%), particle identification efficiency (1.3%), branching fractions of τ decays (0.4%), and MC statistics (0.9%).
The systematic error due to the uncertainty in the number of BB pairs is 1.4%. The total fractional systematic
uncertainty is +21
−22%. We obtain the branching fraction to be
B(B− → τ−ν¯τ ) = (1.65+0.38−0.37(stat)+0.35−0.37(syst))× 10−4. (3)
The significance of the observed signal is estimated to be 3.8 σ including systematic errors.
3. Determination of fB and Constraint on Charged Higgs
Using the measured branching fraction and known values of GF , mB, mτ and τB [12], the product of the B meson
decay constant fB and the magnitude of the Cabibbo-Kobayashi-Maskawa matrix element |Vub| is determined to be
fB|Vub| = (9.7± 1.1+1.0−1.1)× 10−4 GeV. Combining it with |Vub| = 3.99+0.35−0.30 by HFAG [13] based on BLNP model [14],
we obtain fB = 242
+28
−27±0.33 MeV. The obtained fB value is consistent with the unquenched lattice QCD calculation
by HPQCD collaboration fB = 216± 22 MeV [15].
The SM expectation for the branching fraction of B → τν from other experimental constraints is obtained by
CKMfitter group to be B(B− → τ−ντ ) = (0.78+0.09−0.13) × 10−4 [5]. Comparing our result to it, we obtain rH =
2.11±0.75, where error include both statistical and systematic errors. Constraint on charged Higgs is obtained using
Eq. 2. Figure 2 shows the constraint on tanβ and m±
H
. The solid line in the left plot shows the expected rH as a
function of tanβ/m±
H
given by Eq. 2. The shaded areas are the excluded region with a confidence level of 95%.
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Figure 2: Constraint on charged Higgs in rH -tanβ/mH plane (left) and mH-tan β plane (right). The black line in the right
plot shows the expectation for rH as a function of tan β/mH given by Eq. 2. The shaded areas indicate the excluded region
with a confidence level of 95%.
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4. Summary
In summary, we have measured the decay B− → τ−ν with BB pair events tagged by semileptonic B decays
using a data sample containing 657× 106 BB pairs collected at the Υ(4S) resonance with the Belle detector at the
KEKB asymmetric e+e− collider. We measure the branching fraction to be (1.65+0.38
−0.37(stat)
+0.35
−0.37(syst))× 10−4 with
a significance of 3.8 standard deviations. We confirm the evidence reported in the previous Belle measurement with
BB pair events tagged by hadronic B decays. The measured branching fraction is consistent with the SM expectation
from other experimental constraints. The B meson decay constant fB and constraint on charged Higgs are obtained
using the measured branching fraction.
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